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DEVELOPER FOR THERMALLY
RESPONSIVE RECORD MATERIALS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national stage filing under 35 U.S.C.
§371 of International Application No. PCT/US2013/031979
filed Mar. 15, 2013, which claims priority under 35 U.S.C.
§119 to U.S. Provisional Application No. 61/681,608 filed
Aug. 9, 2012, the disclosures of both of which are incorpo-
rated herein by reference.

FIELD

This invention relates to thermally responsive composi-
tions and thermally responsive record materials.

BACKGROUND

Bisphenol A (BPA) is used in some thermally sensitive
paper products such as cash-register receipts, shipping labels
and lottery tickets. Thermal paper typically includes a base
sheet and a thermally responsive coating with color forming
chemicals that when heated produce color. BPA is often used
as a color developer in the thermally responsive coating.

SUMMARY

Disclosed are alternatives to BPA-derived developers, in
particular developers with reduced or no estrogenic activity
that are useful in preparing thermally responsive record
materials.

The present invention provides, in one aspect, a thermally
responsive composition, comprising a dye and a developer,
the developer comprising (i) a polyhydric phenol having one
or more aryl or heteroaryl groups in which each aryl or
heteroaryl group includes a hydroxyl group attached to the
ring and a substituent group (a “bulky” substituent group)
attached to the ring at an ortho or meta position relative to
the hydroxyl group, (ii) a polyhydric phenol having two or
more aryl or heteroaryl groups joined by a polar linking
group or by a linking group having a molecular weight of at
least 125 Daltons, (iii) a polyhydric phenol having the
features of both (i) and (ii); and wherein the composition is
free of polyhydric phenols having estrogenic activity greater
than or equal to bisphenol S.

The present invention provides, in another aspect, a
thermally responsive composition comprising a dye and a
developer the developer comprising a polyhydric phenol
shown in Formula I:

Formula (I)
ey 2
R

o _f\ A
N
®RY,

wherein:
H denotes a hydrogen atom, if present;

each R' is independently an atom or group having an
atomic weight of at least 15 Daltons;
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2

each v is independently O to 4; preferably 1 to 4; with
the proviso that if v is 0, then n is 1 or the phenylene
groups depicted in Formula I join to form a fused
ring system;

w is 4

R?, if present, is a divalent group;

nis 0 or 1; with the proviso that if n is 0, the phenylene
groups depicted in Formula I can optionally join to
form a fused ring system in which case w is 3 and v
is 0 to 3;

tis Oor 1;

if vis 0 and tis 1, R? is a polar linking group or a
linking group having a molecular weight of at least
125 Daltons;

two or more R* or R? groups can join to form one or
more cyclic groups; and

the composition is preferably substantially free of poly-

hydric phenols having estrogenic agonist activity
greater than or equal to that of bisphenol S.

The present invention provides, in another aspect, a
method for providing a thermally responsive record material
comprising:

(a) providing a substrate;

(b) applying a thermally responsive composition onto the

substrate;

wherein the thermally responsive composition comprises

a dye and a developer, the developer comprising the
compound shown in Formula ().

DEFINITIONS
As used herein, “a,” “an,” “the,” “at least one,” and “one
or more” are used interchangeably. Thus, for example, a
composition that includes “a” developer can include “one or
more” developers.

The term “aryl group” (e.g., an arylene group) refers to a
closed aromatic ring or ring system such as phenylene,
naphthylene, biphenylene, fluorenylene, and indenyl, as well
as heteroarylene groups (e.g., a closed aromatic or aromatic-
like ring hydrocarbon or ring system in which one or more
of the atoms in the ring is an element other than carbon, for
example nitrogen, oxygen, sulfur, and the like). Suitable
heteroaryl groups include furyl, thienyl, pyridyl, quinolinyl,
isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetra-
zolyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, benzofura-
nyl, benzothiophenyl, carbazolyl, benzoxazolyl, pyrimidi-
nyl, benzimidazolyl, quinoxalinyl, benzothiazolyl,
naphthyridinyl, isoxazolyl, isothiazolyl, purinyl, quinazoli-
nyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl, triazinyl, tet-
razinyl, oxadiazolyl, thiadiazolyl, and so on. When such
groups are divalent, they are typically referred to as
“arylene” or “heteroarylene” groups (e.g., furylene,
pyridylene, and the like).

The term “BPA” refers to bisphenol A (also known as
4.4'-(propane-2,2-diyl)diphenol; p,p'-isopropylidenebisphe-
nol or 2,2-bis(4-hydroxyphenyl)propane), and the term
“BPS” refers to bisphenol S (also known as 4,4'-sulfonyl-
bisphenol or bis(4-hydroxyphenyl)sulfone).

The term “comprises” and variations thereof do not have
a limiting meaning where these terms appear in the descrip-
tion and claims.

The terms “estrogenic activity” or “estrogenic agonist
activity” refer to the ability of a compound to mimic
hormone-like activity through interaction with an endog-
enous estrogen receptor, typically an endogenous human
estrogen receptor.

29 <
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A group that may be the same or different is referred to as
being “independently” something.

The term “mobile” when used with respect to a thermally
responsive record material means that the compound can be
extracted from the composition or a dried layer of the
composition on a substrate (typically ~1 mg/cm?) is exposed
to a test medium for some defined set of conditions, depend-
ing on the end use. An example of these testing conditions
is exposure of the coating to HPL.C-grade acetonitrile for 24
hours at 25° C. The term “on,” when used in the context of
a coating applied on a surface or substrate, includes both
coatings applied directly or indirectly to the surface or
substrate. Thus, for example, a coating applied to a primer
layer overlying a substrate constitutes a coating applied on
the substrate.

As used herein, the term “organic group” means a hydro-
carbon group (with optional elements other than carbon and
hydrogen, such as oxygen, nitrogen, sulfur, and silicon) that
is classified as an aliphatic group, a cyclic group, or com-
bination of aliphatic and cyclic groups (e.g., alkaryl and
aralkyl groups). The term “cyclic group” means a closed
ring hydrocarbon group that is classified as an alicyclic
group or an aromatic group, both of which can include
heteroatoms. The term “alicyclic group” means a cyclic
hydrocarbon group having properties resembling those of
aliphatic groups.

The term “phenylene” as used herein refers to a six-
carbon atom aryl ring (e.g., as in a benzene group) that can
have any substituent groups (including, e.g., halogen atoms,
hydrocarbon groups, hydroxyl groups, hydroxyl groups, and
the like). Thus, for example, the following aryl groups are
each phenylene rings: —C.,H,—, —CH;(CH;)—, and
—CH(CH,;),Cl—. In addition, for example, each of the
aryl rings of a naphthalene group is a phenylene ring.

The term “polyhydric phenol” as used herein refers
broadly to any compound having one or more aryl or
heteroaryl groups (more typically one or more phenylene
groups) and at least two hydroxyl groups attached to a same
or different aryl or heteroaryl ring. Thus, for example, both
hydroquinone and 4,4'-biphenol are considered to be poly-
hydric phenols. As used herein, polyhydric phenols typically
have six carbon atoms in an aryl ring, although it is
contemplated that aryl or heteroaryl groups having rings of
other sizes may be used.

The terms “preferred” and “preferably” refer to embodi-
ments of the invention that may afford certain benefits, under
certain circumstances. However, other embodiments may
also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodi-
ments does not imply that other embodiments are not useful,
and is not intended to exclude other embodiments from the
scope of the invention.

The term “sheet(s)” denote articles having two large
surface dimensions and a comparatively small thickness
dimension.

The term “substantially contiguous relationship” when
used in respect to the thermally responsive components is
understood to mean that the components are positioned in
sufficient proximity to one another such that upon melting,
softening or subliming one or more of the color-forming
components (e.g. dye or developer) the components in the
thermally responsive composition contact each other to
result in a color reaction.

The term “substantially free” when used with respect to a
thermally responsive record material that may contain a
particular mobile compound means that the thermally
responsive record material contains less than 1,000 parts per
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million (ppm) of the recited mobile compound. The term
“essentially free” when used with respect to a thermally
responsive record material that may contain a particular
mobile compound means that the thermally responsive
record material contains less than 100 parts per million
(ppm) of the recited mobile compound. The term “essen-
tially completely free” when used with respect to a thermally
responsive record material that may contain a particular
mobile compound means that the thermally responsive
record material contains less than 5 parts per million (ppm)
of'the recited mobile compound. The term “completely free”
when used with respect to a thermally responsive record
material that may contain a particular mobile compound
means that the thermally responsive record material contains
less than 20 parts per billion (ppb) of the recited mobile
compound. If the aforementioned phrases are used without
the term “mobile” (e.g., “substantially free of BPA”) then the
recited developer or composition contains less than the
aforementioned amount of the compound whether the com-
pound is mobile in the coating or bound to a constituent of
the coating.

The disclosed organic groups of the compounds may be
substituted. As a means of simplifying the discussion and
recitation of certain terminology used throughout this appli-
cation, the terms “group” and “moiety” are used to differ-
entiate between chemical species that allow for substitution
or that may be substituted and those that do not allow or may
not be so substituted. Thus, when the term “group” is used
to describe a chemical substituent, the described chemical
material includes the unsubstituted group and that group
with O, N, Si, or S atoms, for example, in the chain (as in
an alkoxy group) as well as carbonyl groups or other
conventional substituents. Where the term “moiety” is used
to describe a chemical compound or substituent, only an
unsubstituted chemical material is intended to be included.
For example, the phrase “alkyl group” is intended to include
not only pure open chain saturated hydrocarbon alkyl sub-
stituents, such as methyl, ethyl, propyl, t-butyl, and the like,
but also alkyl substituents bearing further substituents
known in the art, such as hydroxy, alkoxy, alkylsulfonyl,
halogen atoms, cyano, nitro, amino, carboxyl, and the like.
Thus, “alkyl group” includes ether groups, haloalkyl,
nitroalkyl, carboxyalkyl, hydroxyalkyl, sulfoalkyl, and the
like. On the other hand, the phrase “alkyl moiety” is limited
to the inclusion of only pure open chain saturated hydro-
carbon alkyl substituents, such as methyl, ethyl, propyl,
t-butyl, and the like. As used herein, the term “group” is
intended to be a recitation of both the particular moiety, as
well as a recitation of the broader class of substituted and
unsubstituted structures that includes the moiety.

Also herein, the recitations of numerical ranges by end-
points include all numbers subsumed within that range (e.g.,
1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, and the like).
Furthermore, disclosure of a range includes disclosure of all
subranges included within the broader range (e.g., 1 to 5
discloses 1 to 4, 1.5 t0 4.5, 4 to 5, and the like).

DETAILED DESCRIPTION

Typically, a thermally responsive record material includes
a substrate or support which has applied on it a thermally
responsive coating composition. The thermally responsive
composition typically includes a color former (dye) and a
color developer. The color developer is typically a weak acid
that donates a proton to the dye resulting in color change.
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The coating is capable of forming or changing color when
heat is applied, for example, through a thermal print head
resulting in an image.

Exemplary color formers or dyes are electron-donating
dye precursors such as chromogenic materials including
phthalide, leucauramine and fluoran compounds. Other
exemplary dyes include Crystal Violet Lactone (3,3-bis(4-
dimethylaminophenyl)-6-dimethylaminophthalide, (e.g.
U.S. Pat. No. RE 23,024); phenyl-, indol-, pyrrol-, and
carbazol-substituted phthalides (e.g., U.S. Pat. Nos. 3,491,
111; 3,491,112; 3,491,116 and 3,509,174); nitro-, amino-,
amido-, sulfon amido-, aminobenzylidene-, halo- and
anilino-substituted fluorans (e.g., U.S. Pat. Nos. 3,624,107,
3,627,787, 3,641,011; 3,642,828 and 3,681,390);,
spirodipyrans (e.g. U.S. Pat. No. 3,971,808); and pyridine
and pyrazine compounds (e.g., U.S. Pat. Nos. 3,775,424 and
3,853,869). Other exemplary dyes include 3-diethylamino-
6-methyl-7-anilino-flouran (e.g., U.S. Pat. No. 4,510,513)
also known as 3-dibutylamino-6-methyl-7-anilino-fluoran;
3-dibutylamino-7-(2-chloroanilino) fluoran; 3-(N-ethyl-N-
tetrahydrofurfurylamino)-6-methyl-7-3,5'6-tris(dimethyl-
amino)spiro[9H-fluorene-9,1'(3'H)-isobenzotfuran]-3'-one;
7-(1-ethyl-2-methylindol-3-y1)-7-(2-chloroanilino) fluoran
(U.S. Pat. No. 3,920,510); 3-(N-methylcyclohexylamino)-
6-methyl-7-anilinofluoran (U.S. Pat. No. 3,959,571); 7-(1-
octyl-2-methylindol-3-y1)-7-(4-diethylamino-2-ethoxyphe-
nyl)-5,7-dihydrofuro[3,4-b]pyridin-5-one; 3-diethylamino-
7,8-benzofluoran; 3,3-bis(1-ethyl-2-methylindol-3-yl)
phthalide; 3-diethylamino-7-anilinofluoran;
3-diethylamino-7-benzylaminofiuoran; 3'-phenyl-7-diben-
zylamino-2,2'-spirodi-[2-H-1-benzopyran] and mixtures of
any of the above.

The color former may be selected to provide a variety of
developed colors, with black, blue and red colors being
preferred. Selection of such color formers will be familiar to
persons having ordinary skill in the thermally responsive
record material art. For example, black color formers
include 3-(dibutylamino)-6-methyl-7-anilinofluoran;
3-(dibutylamino)-7-(2-chlorophenylamino)fluoran;  3-(di-
ethylamino)-6-chloro-7-anilinofluoran; 3(diethylamino)-6-
methyl-7-(2,4-dimethylphenylamino)fluoran;  3-(diethyl-
amino)-6-methyl-7-(3-methylphenylamino)fluoran; (ODB-
7) 3-(diethylamino)-6-methyl-7-anilinofluoran;
3-(diethylamino)-7-(3-trifluoromethylphenylamino)fluoran;
3-(dipentylamino)-6-methyl-7-anilinofluoran;  3-(N-ethyl-
N-isobutylamino)-6-methyl-7-anilinofluoran; 3-(N-ethyl-N-
isopentylamino)-6-methyl-7-anilinofluoran; (S 205) 3-(N-
ethyl-N-isopentylamino)-7-(2-chlorophenylamino)fluoran;
3-(N-ethyl-N-p-tolylamino)-6-methyl-7-anilinofluoran;
3-(N-methyl-N-cyclohexylamino)-6-methyl-7-anilinofluo-
ran; 3-(N-methyl-N-propylamino)-6-methyl-7-anilinofluo-
ran; 3-(N-tetrahydrofurfuryl-N-ethylamino)-6-methyl-7-an-
ilinofluoran;  3-[N-ethyl = N-(3-ethoxypropyl)amino]-6-
methyl-7-anilinofluoran, and the like, and mixtures thereof.

The disclosed developer is preferably a polyhydric phenol
having one or more aryl or heteroaryl groups in which each
aryl or heteroaryl group includes a hydroxyl group attached
to the ring and preferably an optional substituent group
attached to the ring at an ortho or meta position relative to
the hydroxyl group and wherein the composition is free of
polyhydric phenols having estrogenic activity greater than or
equal to bisphenol S.

As depicted in the above Formula (I), the polyhydric
phenol includes a pair of phenylene groups and may option-
ally include one or more additional phenylene or other aryl
or heteroaryl groups. Although aryl groups having a six-
carbon aromatic ring are presently preferred, it is contem-
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plated that any other suitable aryl or heteroaryl groups may
be used in place of the phenylene groups depicted in
Formula (I). As depicted in the above Formula (I), the
substituent groups (e.g., —OH, H, R', and R?) of each
phenylene group can be located at any position on the ring
relative to one another, although in preferred embodiments
atleast one R* is positioned on the ring immediately adjacent
to the hydroxyl group. In other embodiments in which other
aryl or heteroarylene groups are used in place of the depicted
phenylene groups in Formula (1), it is contemplated that the
same would hold true for the substituent groups of such
other aryl or heteroarylene groups.

When t is 1, the compound of Formula () is of the below
Formula (IA) with v, w, R', R® and n as previously
described:

Formula (IA)
ey 2 ()
R
HO _:k | )—OH
(Rl/) / /\/ |
v Ry

When t is 0, the compound of Formula () is of the below
Formula (IB):

Formula (IB)
)y
A

HO—I —OH

{ / \/

®RY,

Examples of polyhydric monophenol compounds of For-
mula (IB) include catechol and substituted catechols (e.g.,
3-methylcatechol, 4-methylcatechol, 4-tert-butyl catechol,
and the like); hydroquinone and substituted hydroquinones
(e.g., methylhydroquinone, 2,5-dimethylhydroquinone,
trimethylhydroquinone, tetramethylhydroquinone, ethylhy-
droquinone, 2,5-diethylhydroquinone, triethylhydroqui-
none, tetracthylhydroquinone, tert-butylhydroquionine, 2,5-
di-tert-butylhydroquinone, and the like); resorcinol and
substituted resorcinols (e.g., 2-methylresorcinol, 4-methyl
resorcinol, 2,5-dimethylresorcinol, 4-ethylresorcinol, 4-bu-
tylresorcinol, 4,6-di-tert-butylresorcinol, 2.4,6-tri-tert-butyl-
resorcinol, and the like); and variants and mixtures thereof.

The ingredients used to make the coating composition are
preferably free of any polyhydric phenols, that exhibit an
estrogenic agonist activity in the MCF-7 assay (discussed
below) greater than or equal to that that exhibited by
4.4'-(propane-2,2-diyl)diphenol in the assay. More prefer-
ably, the aforementioned ingredients are free of any poly-
hydric phenols that exhibit an estrogenic agonist activity in
the MCF-7 assay greater than or equal to that of bisphenol
S. Even more preferably, the aforementioned ingredients are
free of any polyhydric phenols that exhibit an estrogenic
agonist activity in the MCF-7 assay greater than that of
4.4'-(propane-2,2-diyl)bis(2,6-dibromophenol). Optimally,
the aforementioned ingredients are free of any polyhydric
phenols that exhibit an estrogenic agonist activity in the
MCF-7 assay greater than about that of 2,2-bis(4-hydroxy-
phenyl)propanoic acid.

While not intending to be bound by theory, it is believed
that a polyhydric phenol is less likely to exhibit any appre-
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ciable estrogenic agonist activity if the compound’s chemi-
cal structure is sufficiently different from compounds having
estrogenic activity such as diethylstilbestrol. The structure
of preferred polyhydric phenol compounds, as will be dis-
cussed herein, is sufficiently different such that the com-
pounds do not bind and activate a human receptor. These
preferred compounds are, in some instances, at least about 6
or more orders of magnitude less active than diethylstilbe-
strol (e.g., when assessing estrogenic agonist effect using an
in vitro assay such as the MCF-7 cell proliferation assay
discussed below). Without being bound by theory, it is
believed that such desirable structural dissimilarity can be
introduced via one or more structural features, including any
suitable combination thereof. For example, it is believed that
one or more of the following structural characteristics can be
used to achieve such structural dissimilarity:

steric hinderance (e.g., relative to one or more hydroxyl

phenols),

molecular weight that is arranged in three-dimensional

space such that: (i) the compound does not fit, or does
not readily fit, in the active site of a human estrogen
receptor or (ii) the structural configuration interferes
with activation of the human estrogen receptor once
inside the active site, and

the presence of polar groups (e.g., in addition to the two

hydroxyl groups of a bisphenol compound).

In preferred embodiments, R! in Formula (1) is preferably
located at an ortho position on the ring relative to the oxygen
atom. In some embodiments, an R! is located at each ortho
position on the ring relative to the oxygen atom. While not
intending to be bound by theory, it is believed that the
positioning of one or more R' groups at an ortho position
relative to the oxygen atom depicted in Formula (I) may be
beneficial in reducing or eliminating estrogenic agonist
activity.

In another embodiment, the one or more hydroxyl groups
present on each aryl ring of a polyhydric phenol compound
(typically phenol hydroxyl groups of a bisphenol) are ste-
rically hindered by one or more other substituents of the aryl
ring, as compared to a similar polyhydric phenol compound
having hydrogen atoms present at each ortho or meta
position. It is believed that it may be preferable to have
substituent groups positioned at each ortho position relative
to the aforementioned hydroxyl groups to provide optimal
steric effect. It is believed that the steric hindrance can
prevent or limit the ability of a polyhydric phenol compound
to act as an agonist for a human estrogen receptor.

Preferred R' groups are sufficiently “bulky” to provide a
suitable level of steric hindrance for the aforementioned
hydroxyl groups to achieve the desired effect. To avoid any
ambiguity, the term “group” when used in the context of R*
groups refers to both single atoms (e.g., a halogen atom) or
molecules (e.g., two or more atoms). The optimal chemical
constituents, size, or configuration (e.g., linear, branched,
etc.) of the one or more R' groups may depend on a variety
of factors, including, for example, the location of the R'
group on the aryl ring.

Certain preferred compounds of Formula (I) include up to
four R' groups having an atomic weight of at least 15
Daltons. In some embodiments, the compounds of Formula
(D) include up to four R! groups having an atomic weight of
at least 25, at least 40, or at least 50 Daltons. While the
maximum suitable size of is not particularly limited, typi-
cally it will be less than 500 Daltons, more typically less
than 100 Daltons, and even more typically less than 60
Daltons. Non-limiting examples of R* groups include groups
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having at least one carbon atom (e.g., organic groups),
halogen atoms, or sulfur-containing groups.

In presently preferred embodiments, the R' groups of
each phenylene group, if present, preferably include at least
one carbon atom, more preferably 1 to 10 carbon atoms, and
even more preferably 1 to 4 carbon atoms. R* will typically
be a saturated or unsaturated hydrocarbon group, more
typically saturated, that may optionally include one or more
heteroatoms other than carbon or hydrogen atoms (e.g., N,
O, S, Si, a halogen atom, etc.). Examples of suitable hydro-
carbon groups may include substituted or unsubstituted
groups including alkyl groups (e.g., methyl, ethyl, propyl,
butyl, etc., including isomers thereof), alkenyl groups, alky-
nyl groups, alicyclic groups, aryl groups, or combinations
thereof.

In certain preferred embodiments, each phenylene group
depicted in Formula (I) includes at least one alkyl R* group.
As discussed above, any suitable isomer may be used. Thus,
for example, a linear butyl group may be used or a branched
isomer such as an isobutyl group or a tert-butyl group may
be used. In one embodiment, a tert-butyl group (and more
preferably a tert-butyl moiety) is a preferred R* group.

As previously mentioned, it is contemplated that R' may
include one or more cyclic groups. In addition, R* may form
a cyclic or polycyclic group with one or more other R*
groups or R

In some embodiments, one or both phenylene groups
depicted in Formula (I) include an R* group located ortho to
an oxygen atom that is a halogen atom, more preferably a
higher molecular weight halogen such as bromine or iodine,
however, in preferred embodiments, the polyhydric phenol
of Formula (I) does not include any halogen atoms. More-
over, in presently preferred embodiments, the developer
may be free of halogen atoms.

In some embodiments, a suitable R* group is selected and
positioned at the ortho position such that a width “f”
measured perpendicular from a center-line of the phenylene
group (or other suitable aryl group) to the maximal outside
extent of the van der Waals volume of R' (corresponding to
the radius of the van der Waals radius of R') is greater than
about 4.5 Angstroms. This width measurement may be
determined via theoretical calculation using suitable
molecular modeling software and is illustrated below.

As illustrated above, the centerline for the depicted phe-
nylene group includes the carbon atom to which the phenol
hydroxyl group attaches and the para carbon atom. For
example, while not intending to be bound by any theory, it
is believed that it is generally desirable that f be greater than
about 4.5 Angstroms if R? is a —C(CH,),— group. In some
embodiments, R' may be selected and positioned at an ortho
position such that f is less than about 4.5 Angstroms. For
example, if R? is a methylene bridge (—CH,—), then in
some embodiments R can be selected and positioned such
that f' is less than about 4.5 Angstroms. For example, this is
believed to be the case for certain preferred compounds of
Formula (I), such as 4,4'-methylenebis(2,6-dimethylphenol).
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R? is present or absent in the compound of Formula (IA)
depending on whether n is 0 or 1. When R? is absent, either
(1) a carbon atom of one phenylene ring is covalently
attached to a carbon atom of the other phenylene ring (which
occurs when w is 4) or (ii) the phenylene groups depicted in
Formula (IA) join to form a fused ring system (which occurs
when w is 3 and the two phenylene groups are so fused). In
some embodiments, R? (or the ring-ring covalent linkage if
R? is absent) is preferably attached to at least one, and more
preferably both, phenylene rings at a para position (e.g., 1.4
position) relative to the oxygen atom depicted in Formula
(IA). An embodiment of the compound of Formula (IA), in
which n is 0, w is 3, and v is independently O to 3 such that
the two phenylene groups have joined to form a naphthalene
group, is depicted below:

(H)w-v (Rz)n (H)w-v
o \/\W
HO—I —OH
N J
(Rl/) ~ X !

v R,

R? can be any suitable divalent group including, for
example, carbon-containing groups (which may optionally
include heteroatoms such as, e.g., N, O, P, S, Si, a halogen
atom, etc.), sulfur-containing groups (including, e.g., a sul-
fur atom, a sulfinyl group (—(S(O)—), a sulfonyl group
(—S(0,)—), etc.), oxygen-containing groups (including,
e.g., an oxygen atom, a ketone group, etc.), nitrogen-con-
taining groups, or a combination thereof.

In preferred embodiments of the compound of Formula
(IA), R? is present and is typically an organic group con-
taining less than about 15 carbon atoms, and even more
typically 1 or 4-15 carbon atoms. In some embodiments, R?
includes 8 or more carbon atoms. R* will typically be a
saturated or unsaturated hydrocarbon group, more typically
a saturated divalent alkyl group, and most preferably an
alkyl group that doesn’t constrain the movement of the
connected phenylene groups in an orientation similar to that
of diethylstilbestrol or dienestrol. In some embodiments, R*
may include one or more cyclic groups, which may be
aromatic or alicyclic and can optionally include heteroa-
toms. The one or more optional cyclic groups of R can be
present, for example, (i) in a chain connecting the two
phenylene groups depicted in Formula (IA), (ii) in a pendant
group attached to a chain connecting the two phenylene
groups, or both (i) and (ii).

The atomic weight of the R? group, if present, may be any
suitable atomic weight. Typically, however, R has an atomic
weight of less than about 500 Daltons, less than about 400
Daltons, less than about 300 Daltons, or less than about p;
250 Daltons.

In some embodiments, R* includes a carbon atom that is
attached to a carbon atom of each of the phenylene groups
depicted in Formula (I). For example, R* can have a struc-
ture of the formula —C(R”)(R®*)—, wherein R” and R® are
each independently a hydrogen atom, a halogen atom, an
organic group, a sulfur-containing group, or a nitrogen-
containing group, and wherein R” and R® can optionally join
to form a cyclic group. In some embodiments, at least one
of R7 and R® are hydrogen atoms, and more preferably both
R’ and R® are hydrogen atoms. In one preferred embodi-
ment, R? is a divalent methylene group (—CH,—). While
not intending to be bound by theory, it is believed that it may
be generally desirable to avoid using an R* group wherein
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each of R” and R® are methyl (—CH,) groups. It may also
be generally desirable to avoid using an R? group in which
R’ and R® join to form a monocyclic cyclohexyl group.

It is also thought to be generally desirable to avoid
using either of the following “constrained” unsaturated
structures (i) or (ii) as R* (i) —C(R")=C(R”*)— or (ii)
—C(=C(R"),)—C(=C(R'°),)—, wherein y is 1 or 2 and
each of R’ or R'® is independently a hydrogen atom, a
halogen atom, an organic group, or a monovalent group. For
example, the following unsaturated structures (i) and (ii) are
preferably avoided: (i) —C(CH,CH;)—C(CH,CH;)— and
(ii) —C(=—CHCH;)—C(—CHCH,)—.

While not intending to be bound by theory it is believed
that a suitably low atomic weight R? group such as, e.g.,
—CH,— (14 Daltons), can help avoid estrogenic activity. In
some embodiments where R? is a —C(R7)(R®)— group, it
may be desirable that R* have an atomic weight of less than
42 Daltons or less than 28 Daltons. It is also believed that a
suitably high atomic weight R* can also help interfere with
the ability of a polyhydric phenol to function as an agonist
for a human estrogen receptor. In some embodiments where
R? is a —C(R")(R®*)— group, it may be desirable that R>
have an atomic weight that is greater than about: 125, 150,
175, or 200 Daltons. By way of example, a diphenol
compound has been determined to be appreciably non-
estrogenic that: (a) is not “hindered” (the phenol hydroxyl
groups are not surrounded by ortho hydrogens) and (b) has
an R? group in the form of —C(R”)(R®)— having an atomic
weight greater than 200 Daltons.

While not intending to be bound to theory, preferred R?
groups include divalent groups that promote that the orien-
tation of a polyhydric phenol compound in a three-dimen-
sional configuration that is sufficiently different from 17f-
estradiol or other compounds (e.g., diethylstilbestrol) having
estrogenic activity. For example, while not intending to be
bound to theory, it is believed that the presence of R* as an
unsubstituted methylene bridge (—CH,—) can contribute to
the reduction or elimination of estrogenic activity. It is also
contemplated that a singly substituted methylene bridge
having one hydrogen attached to the central carbon atom of
the methylene bridge (—C(R7)(H)—; see, e.g. the R? group
of 4.,4'Butylidenebis(2-t-butyl-5-methylphenol)) may also
contribute such a beneficial effect, albeit perhaps to a lesser
extent.

In some embodiments, R* is of the formula —C(R”)
(R®*)— wherein R” and R® form a ring that includes one or
more heteroatoms. In one such embodiment, the ring formed
by R” and R® further includes one or more additional cyclic
groups such as, e.g., one or more aryl cyclic groups (e.g.,
two phenylene rings).

In one embodiment, R? is of the formula —C(R”)(R®*)—
wherein at least one of R” and R® form a ring with an R* of
the depicted phenylene group. In one such embodiment,
each of R” and R® forms such a ring with a different depicted
phenylene group.

The hydroxyl group of a phenylene ring depicted in
Formula (I) can be positioned on the ring at any position
relative to R? (or relative to the other phenylene ring if R?
is absent). In some embodiments, the hydroxyl group and R*
are located at para positions relative to one another. In other
embodiments, the hydroxyl group atom and R* may be
located ortho or meta to one another.

In preferred embodiments, the substituted phenylene
groups of Formula (IA) are symmetric relative to one
another. Stated otherwise, the substituted phenylene groups
are preferably formed from the same phenol compound,
thereby resulting in the same substituent groups on each ring
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located at the same ring positions. An example of a com-
pound having symmetric phenylene groups is provided
below.

HO

An example of a compound having phenylene groups that
are not symmetric is provided below, in which a methyl
group is at a meta position on one ring and at an ortho
position on the other.

HO

Preferred compounds of Formula (I) do not exhibit appre-
ciable estrogenic activity. Preferred appreciably non-estro-
genic compounds exhibit a degree of estrogen agonist activ-
ity, in a competent in vitro human estrogen receptor assay,
that is preferably less than that exhibited by 4,4'-(propane-
2,2-diyl)diphenol in the assay, even more preferably less
than that exhibited by bisphenol S in the assay, even more
preferably less than that exhibited by 4,4'-(propane-2,2-diyl)
bis(2,6-dibromophenol) in the assay, and optimally less than
about that exhibited by 2,2-bis(4-hydroxyphenyl)propanoic
acid in the assay. It has been found that compounds such as
4.4'-methylenebis(2,6-di-t-butylphenol), methylenebis(4-
methyl-6-t-butylphenol), 4,4'-methylenebis(2,6-dimethyl-
phenol), 4.4'-butylidenebis(2-t-butyl-5-methylphenol), and
2,5-di-t-butylhydroquinone do not exhibit appreciable estro-
genic activity in a suitable in vitro assay whose results are
known to be directly correlated to the results of the MCF-7
cell proliferation assay (“MCF-7 assay”) through analysis of
common reference compounds.

The MCF-7 assay is a useful test for assessing whether a
polyhydric phenol compound is appreciably non-estrogenic.
The MCF-7 assay uses MCF-7, clone WS8 cells to measure
whether and to what extent a substance induces cell prolif-
eration via estrogen receptor (ER)-mediated pathways. The
method is described in “Test Method Nomination: MCF-7
Cell Proliferation Assay of Estrogenic Activity” submitted
for validation by CertiChem, Inc. to the National Toxicology
Program Interagency Center for the Evaluation of Alterna-
tive Toxicological Methods (NICEATM) on Jan. 19, 2006
(available online at http://iccvam.niehs.nih.gov/methods/en-
docrine/endodocs/SubmDoc.pdf).

A brief summary of the method of the aforementioned
MCF-7 assay is provided below. MCF-7, clone WS8 cells
are maintained at 37° C. in RMPI (Roswell Park Memorial
Institute medium) containing Phenol Red (e.g., GIBCO
Catalog Number 11875119) and supplemented with the
indicated additives for routine culture. An aliquot of cells
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maintained at 37° C. are grown for two days in phenol-free
media containing 5% charcoal stripped fetal bovine serum in
a 25 cm? tissue culture flask. Using a robotic dispenser such
as an epMotion 5070 unit, MCF-7 cells are then seeded at
400 cells per well in 0.2 ml of hormone-free culture medium
in Corning 96-well plates. The cells are adapted for 3 days
in the hormone-free culture medium prior to adding the
chemical to be assayed for estrogenic activity. The media
containing the test chemical is replaced daily for 6 days. At
the end of the 7 day exposure to the test chemical, the media
is removed, the wells are washed once with 0.2 ml of HBSS
(Hanks’ Balanced Salt Solution), and then assayed to quan-
tify amounts of DNA per well using a micro-plate modifi-
cation of the Burton diphenylamine (DPA) assay, which is
used to calculate the level of cell proliferation.

Examples of appreciably non-estrogenic polyhydric phe-
nols include polyhydric phenols that, when tested using the
MCF-7 assay, exhibit a Relative Proliferative Effect
(“RPE”) having a logarithmic value (with base 10) of less
than about -2.0, more preferably an RPE of -3 or less, and
even more preferably an RPE of -4 or less. RPE is the ratio
between the EC50 of the test chemical and the EC50 of the
control substance 17-beta estradiol times 100, where EC50
is “effective concentration 50%” or half-maximum stimula-
tion concentration for cell proliferation measured as total
DNA in the MCF-7 assay.

Table 1 shown below includes exemplary preferred poly-
hydric phenols and their expected or measured logarithmic
RPE values in the MCF-7 assay.

TABLE 1
Polyhydric Compound Reference
of Formula (I) Structure Compound Log RPE
17p-estradiol 2.00
diethyl- about 2
stilbestrol
dienestrol about 2
Genistein -2
Bisphenol S -2
Bisphenol F -2
4,4"-isopropylidenebis(2,6- 1 -2
dimethylphenol)
4,4'-(propane-2,2-diyl)bis(2,6- 16 -3
dibromophenol)
4,4'-(ethane-1,2-diyl)bis(2,6- 2 -3
dimethylphenol)
4,4' A" (ethane-1,1,1- 3 -3
triyl)triphenol
4,4'-(1-phenylethane- 4 -3
1,1-diyl)diphenol
2,2-bis(4-hydroxyphenyl)- 5 less than -4
propanoic acid
4,4'-methylenebis(2,6- 6 less than -4
dimethylphenol)
4,4'-butylidenebis(2- 7 less than -4
t-butyl-5-methylphenol)
4,4'-methylenebis(2,6- 8 less than -4
di-t-butylphenol)
2,2"-methylenebis(4-methyl- 9 less than -4
6-t-butylphenol
4,4'-(1,4-phenylenebis- 10 less than -4
(propane-2,2-diyl))diphenol
2,2'methylenebis(phenol) 11 less than -4
2,5-di-t-butylhydroquinone 12 less than -4
2,2'-Methylenebis(6-(1- 13 less than -4
methylcyclohexyl)-
4-methylphenol
2,2'-Methylenebis(6-t- 14 less than -4
butyl-4-methylphenol)
2,2'Methylenebis(4-ethyl- 15 less than -4

6-t-butylphenol)
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Structures 1 through 16 as identified in Table 1 are also -continued
shown below:
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-continued
16

Br Br

HO OH

Br Br

Compounds having no appreciable estrogenic activity
may be beneficial in the event that any unreacted, residual
compound may be present in a thermally responsive coating
composition. While the balance of scientific data does not
indicate that the presence in such coating compositions of
very small amounts of residual compounds having estro-
genic activity in an in vitro recombinant cell assay pose a
human health concern, the use of compounds having no
appreciable estrogenic activity in such an assay may none-
theless be desirable from a public perception standpoint.
Thus, in preferred embodiments, the polyhydric phenol
compounds do not exhibit appreciable estrogenic activity in
the MCF-7 test.

While not intending to be bound by theory, as previously
discussed, it is believed that the presence of substituent
groups (e.g., a group other than a hydrogen atom) at one or
more of the ortho or meta positions of each phenylene ring
of the Formula (IA) compound, relative to the phenol
hydroxyl group of each ring, can reduce or effectively
eliminate any estrogenic activity. It is believed that the
inhibition/elimination of estrogenic activity may be attrib-
utable to one or more of the following: (a) steric hindrance
of the phenol hydroxyl group (which may cause the overall
polyhydric phenol structure to be sufficiently different from
estrogenically active compounds such as diethylstilbestrol),
(b) the compound having an increased molecular weight due
to the presence of the one or more substituent groups, (c) the
presence of polar groups or (d) ortho hydroxyl groups
relative to R. Substitution at one or both of the ortho
positions of each phenylene ring is presently preferred for
certain embodiments as it is believed that ortho substitution
can provide the greatest steric hindrance for the hydroxyl
group.

As previously discussed, structural features other than the
presence of suitable R* groups (e.g., features such as (b), (c),
and (d) of the preceding paragraph) are believed to inhibit or
eliminate estrogenic activity, even in the absence of any R*
groups.

It is believed that molecular weight may be a structural
characteristic pertinent to whether a polyhydric phenol is
appreciably non-estrogenic. For example, while not intend-
ing to be bound by theory, it is believed that if a sufficient
amount of relatively “densely” packed molecular weight is
present in a polyhydric phenol, it can prevent the compound
from being able to fit into the active site of an estrogen
receptor (irrespective of whether the polyhydric phenol
includes any ortho or meta R' groups). In some embodi-
ments, it may be beneficial to form a polyether polymer from
one or more polyhydric phenols (whether “hindered” or not)
that includes at least the following number of carbon atoms:
20, 21, 22, 23, 24, 25, or 26 carbon atoms.

The presence of one or more polar groups on the poly-
hydric phenol compounds of Formula (I) may be beneficial
in certain embodiments, particularly for certain embodi-
ments of Formula (IA). The polar groups may be located at
any suitable location of the compounds of Formula (I),
including in R! or R?. Suitable polar groups may include
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ketone, carboxyl, carbonate, hydroxyl, phosphate, sulfoxide,
and the like, any other polar groups disclosed herein, and
combinations thereof.

The below compounds of Formula (I) may also be used in
certain embodiments if desired.

17
HOOH

18
HO ‘ ‘ OH

19
HO OH

20

HO

E

The below compounds are not presently preferred, but
may be used in certain embodiments, if desired.

21
HO I I OH

22
HO ' ' OH

23

HO

G
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Additional diphenol compounds that may have utility in
producing the disclosed developer are provided below.
While the diphenol structures listed below are not “hin-
dered” in the sense of having bulky substituent groups at one
or more ortho or meta positions of the phenylene ring(s), it
is contemplated that each of the below polyhydric phenol
structures may be used in place of, or in addition to, the
compounds of Formula (I). Such compounds are believed to
be appreciably non-estrogenic for one or more of the reasons
previously described herein.

24
HO i
HO OH
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I
HO OH
26
O
HO I I‘ OH
27
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N
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HO OH
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HO OH
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HO OH
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-continued
31

Oo='v

HO OH

Compounds of Formula (I) wherein each of the depicted
phenylene groups include one or two ortho R' groups
(relative to the depicted oxygen atom) are presently pre-
ferred. To further illustrate such structures, Table 2 shown
below exemplifies some non-limiting combinations of one
or more ortho R! and R?, if present, for a given phenylene
group. Table 2 is non-limiting with respect to the ring
position of R? (e.g., ortho, meta, para), although typically
R?, if present, will be located at a para position relative to the
oxygen atom. The columns labeled “Ortho Position A” and
“Ortho Position B” indicate the R' group present at each
ortho position of the phenylene group (assuming R? is not
located at an ortho position). Positions “A” or “B” can be
either ortho position relative to the depicted oxygen atom. If
R? is located at an ortho position of the phenylene group,
then the group listed in the “Ortho Position B” column is not
present. Typically, though not required, the phenylene
groups in a given compound of Formula (I) will be “sym-
metric” relative to the second phenylene group such that the
same ortho group (as delineated in the ortho position column
“A” or “B”) is located on each ring at the same ortho
position.

Table 2 is also intended as a listing of independent
examples of R' or R?, as well as examples of combinations
of R! and R? (regardless of whether R' is ortho or meta
relative to the oxygen atom, whether other R® are present in
a particular phenylene group, or whether the one or more
Ware the same for both of the phenylene groups).

Ortho Position “A” Ortho Position “B” R?

Butyl Hydrogen 2-Butylidene
Butyl Methyl 2-Butylidene
Butyl Ethyl 2-Butylidene
Butyl Propyl 2-Butylidene
Butyl isopropyl 2-Butylidene
Butyl Butyl 2-Butylidene
Ethyl Hydrogen 2-Butylidene
Ethyl Methyl 2-Butylidene
Ethyl Ethyl 2-Butylidene
Isopropyl Hydrogen 2-Butylidene
Isopropyl Methyl 2-Butylidene
Isopropyl Ethyl 2-Butylidene
Isopropyl Propyl 2-Butylidene
Isopropyl isopropyl 2-Butylidene
Methyl Hydrogen 2-Butylidene
Methyl Methyl 2-Butylidene
Propyl Hydrogen 2-Butylidene
Propyl Methyl 2-Butylidene
Propyl Ethyl 2-Butylidene
Propyl Propyl 2-Butylidene
sec-Butyl Hydrogen 2-Butylidene
sec-Butyl Methyl 2-Butylidene
sec-Butyl Ethyl 2-Butylidene
sec-Butyl Propyl 2-Butylidene
sec-Butyl isopropyl 2-Butylidene
sec-Butyl Butyl 2-Butylidene
sec-Butyl sec-Butyl 2-Butylidene
tert-Butyl Hydrogen 2-Butylidene
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-continued -continued

Ortho Position “A” Ortho Position “B” R? Ortho Position “A” Ortho Position “B” R2
tert-Butyl Methyl 2-Butylidene Butyl Hydrogen Methylidene
tert-Butyl Ethyl 2-Butylidene 5 Butyl Methyl Methylidene
tert-Butyl Propyl 2-Butylidene Butyl Ethyl Methylidene
tert-Butyl isopropyl 2-Butylidene Butyl Propyl Methylidene
tert-Butyl Butyl 2-Butylidene Butyl isopropyl Methylidene
tert-Butyl sec-Butyl 2-Butylidene Butyl Butyl Methylidene
tert-Butyl tert-Butyl 2-Butylidene Ethyl Hydrogen Methylidene
Butyl Hydrogen Butylene 10 Ethyl Methyl Methylidene
Butyl Methyl Butylene Ethyl Ethyl Methylidene
Butyl Ethyl Butylene Isopropyl Hydrogen Methylidene
Butyl Propyl Butylene Isopropyl Methyl Methylidene
Butyl isopropyl Butylene Isopropyl Ethyl Methylidene
Butyl Butyl Butylene Isopropyl Propyl Methylidene
Ethyl Hydrogen Butylene 15 Isopropyl isopropyl Methylidene
Ethyl Methyl Butylene Methyl Hydrogen Methylidene
Ethyl Ethyl Butylene Methyl Methyl Methylidene
Isopropyl Hydrogen Butylene Propyl Hydrogen Methylidene
Isopropyl Methyl Butylene Propyl Methyl Methylidene
Isopropyl Ethyl Butylene Propyl Ethyl Methylidene
Isopropyl Propyl Butylene 20 Propyl Propyl Methylidene
Isopropyl isopropyl Butylene sec-Butyl Hydrogen Methylidene
Methyl Hydrogen Butylene sec-Butyl Methyl Methylidene
Methyl Methyl Butylene sec-Butyl Ethyl Methylidene
Propyl Hydrogen Butylene sec-Butyl Propyl Methylidene
Propyl Methyl Butylene sec-Butyl isopropyl Methylidene
Propyl Ethyl Butylene sec-Butyl Butyl Methylidene
Propyl Propyl Butylene 25 sec-Butyl sec-Butyl Methylidene
sec-Butyl Hydrogen Butylene tert-Butyl Hydrogen Methylidene
sec-Butyl Methyl Butylene tert-Butyl Methyl Methylidene
sec-Butyl Ethyl Butylene tert-Butyl Ethyl Methylidene
sec-Butyl Propyl Butylene tert-Butyl Propyl Methylidene
sec-Butyl isopropyl Butylene tert-Butyl isopropyl Methylidene
sec-Butyl Butyl Butylene 30 tert-Butyl Butyl Methylidene
sec-Butyl sec-Butyl Butylene tert-Butyl sec-Butyl Methylidene
tert-Butyl Hydrogen Butylene tert-Butyl tert-Butyl Methylidene
tert-Butyl Methyl Butylene Butyl Hydrogen Propylidene
tert-Butyl Ethyl Butylene Butyl Methyl Propylidene
tert-Butyl Propyl Butylene Butyl Ethyl Propylidene
tert-Butyl isopropyl Butylene 35 Butyl Propyl Propylidene
tert-Butyl Butyl Butylene Butyl isopropyl Propylidene
tert-Butyl sec-Butyl Butylene Butyl Butyl Propylidene
tert-Butyl tert-Butyl Butylene Ethyl Hydrogen Propylidene
Butyl Hydrogen Ethylidene Ethyl Methyl Propylidene
Butyl Methyl Ethylidene Ethyl Ethyl Propylidene
Butyl Ethyl Ethylidene 40 Isopropyl Hydrogen Propylidene
Butyl Propyl Ethylidene Isopropyl Methyl Propylidene
Butyl isopropyl Ethylidene Isopropyl Ethyl Propylidene
Butyl Butyl Ethylidene Isopropyl Propyl Propylidene
Ethyl Hydrogen Ethylidene Isopropyl isopropyl Propylidene
Ethyl Methyl Ethylidene Methyl Hydrogen Propylidene
Ethyl Ethyl Ethylidene Methyl Methyl Propylidene
Isopropyl Hydrogen Ethylidene 45 Propyl Hydrogen Propylidene
Isopropyl Methyl Ethylidene Propyl Methyl Propylidene
Isopropyl Ethyl Ethylidene Propyl Ethyl Propylidene
Isopropyl Propyl Ethylidene Propyl Propyl Propylidene
Isopropyl isopropyl Ethylidene sec-Butyl Hydrogen Propylidene
Methyl Hydrogen Ethylidene sec-Butyl Methyl Propylidene
Methyl Methyl Ethylidene 50 sec-Butyl Ethyl Propylidene
Propyl Hydrogen Ethylidene sec-Butyl Propyl Propylidene
Propyl Methyl Ethylidene sec-Butyl isopropyl Propylidene
Propyl Ethyl Ethylidene sec-Butyl Butyl Propylidene
Propyl Propyl Ethylidene sec-Butyl sec-Butyl Propylidene
sec-Butyl Hydrogen Ethylidene tert-Butyl Hydrogen Propylidene
sec-Butyl Methyl Ethylidene 55 tert-Butyl Methyl Propylidene
sec-Butyl Ethyl Ethylidene tert-Butyl Ethyl Propylidene
sec-Butyl Propyl Ethylidene tert-Butyl Propyl Propylidene
sec-Butyl isopropyl Ethylidene tert-Butyl isopropyl Propylidene
sec-Butyl Butyl Ethylidene tert-Butyl Butyl Propylidene
sec-Butyl sec-Butyl Ethylidene tert-Butyl sec-Butyl Propylidene
tert-Butyl Hydrogen Ethylidene 60 tert-Butyl tert-Butyl Propylidene
tert-Butyl Methyl Ethylidene Butyl Hydrogen 1-Phenylethylidene
tert-Butyl Ethyl Ethylidene Butyl Methyl 1-Phenylethylidene
tert-Butyl Propyl Ethylidene Butyl Ethyl 1-Phenylethylidene
tert-Butyl isopropyl Ethylidene Butyl Propyl 1-Phenylethylidene
tert-Butyl Butyl Ethylidene Butyl isopropyl 1-Phenylethylidene
tert-Butyl sec-Butyl Ethylidene 65 Butyl Butyl 1-Phenylethylidene
tert-Butyl tert-Butyl Ethylidene Ethyl Hydrogen 1-Phenylethylidene
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-continued

Ortho Position “A” Ortho Position “B” R?

Ethyl Methyl 1-Phenylethylidene
Ethyl Ethyl 1-Phenylethylidene
Isopropyl Hydrogen 1-Phenylethylidene
Isopropyl Methyl 1-Phenylethylidene
Isopropyl Ethyl 1-Phenylethylidene
Isopropyl Propyl 1-Phenylethylidene
Isopropyl isopropyl 1-Phenylethylidene
Methyl Hydrogen 1-Phenylethylidene
Methyl Methyl 1-Phenylethylidene
Propyl Hydrogen 1-Phenylethylidene
Propyl Methyl 1-Phenylethylidene
Propyl Ethyl 1-Phenylethylidene
Propyl Propyl 1-Phenylethylidene
sec-Butyl Hydrogen 1-Phenylethylidene
sec-Butyl Methyl 1-Phenylethylidene
sec-Butyl Ethyl 1-Phenylethylidene
sec-Butyl Propyl 1-Phenylethylidene
sec-Butyl isopropyl 1-Phenylethylidene
sec-Butyl Butyl 1-Phenylethylidene
sec-Butyl sec-Butyl 1-Phenylethylidene
tert-Butyl Hydrogen 1-Phenylethylidene
tert-Butyl Methyl 1-Phenylethylidene
tert-Butyl Ethyl 1-Phenylethylidene
tert-Butyl Propyl 1-Phenylethylidene
tert-Butyl isopropyl 1-Phenylethylidene
tert-Butyl Butyl 1-Phenylethylidene
tert-Butyl sec-Butyl 1-Phenylethylidene
tert-Butyl tert-Butyl 1-Phenylethylidene
Butyl Hydrogen Diphenylmethylidene
Butyl Methyl Diphenylmethylidene
Butyl Ethyl Diphenylmethylidene
Butyl Propyl Diphenylmethylidene
Butyl isopropyl Diphenylmethylidene
Butyl Butyl Diphenylmethylidene
Ethyl Hydrogen Diphenylmethylidene
Ethyl Methyl Diphenylmethylidene
Ethyl Ethyl Diphenylmethylidene
Isopropyl Hydrogen Diphenylmethylidene
Isopropyl Methyl Diphenylmethylidene
Isopropyl Ethyl Diphenylmethylidene
Isopropyl Propyl Diphenylmethylidene
Isopropyl isopropyl Diphenylmethylidene
Methyl Hydrogen Diphenylmethylidene
Methyl Methyl Diphenylmethylidene
Propyl Hydrogen Diphenylmethylidene
Propyl Methyl Diphenylmethylidene
Propyl Ethyl Diphenylmethylidene
Propyl Propyl Diphenylmethylidene
sec-Butyl Hydrogen Diphenylmethylidene
sec-Butyl Methyl Diphenylmethylidene
sec-Butyl Ethyl Diphenylmethylidene
sec-Butyl Propyl Diphenylmethylidene
sec-Butyl isopropyl Diphenylmethylidene
sec-Butyl Butyl Diphenylmethylidene
sec-Butyl sec-Butyl Diphenylmethylidene
tert-Butyl Hydrogen Diphenylmethylidene
tert-Butyl Methyl Diphenylmethylidene
tert-Butyl Ethyl Diphenylmethylidene
tert-Butyl Propyl Diphenylmethylidene
tert-Butyl isopropyl Diphenylmethylidene
tert-Butyl Butyl Diphenylmethylidene
tert-Butyl sec-Butyl Diphenylmethylidene
tert-Butyl tert-Butyl Diphenylmethylidene

The disclosed developers may be used alone or in com-
bination with any other known developer. The developer
preferably is at least substantially free of mobile BPA, and
more preferably is completely free of BPA. More preferably,
the developer is at least substantially free, and more pref-
erably completely free, of mobile or bound polyhydric
phenols having estrogenic agonist activity greater than or
equal to that of 4,4'-(propane-2,2-diyl)diphenol, more pref-
erably greater than or equal to that of BPS, even more
preferably greater than or equal to that of 2,2-bis-(4-hy-
droxyphenyl)-1-propanol.
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The phenol hydrogen atoms (e.g. the hydrogen atoms of
the depicted hydroxyl groups in Formula I) in the disclosed
developer may have, for example, dissociation constant(s)
(pKa values) of about 9 to about 11.50.

The record material on which the thermally responsive
composition is applied typically is a substrate or support,
and is generally in sheet form. Sheets may be referred to as
support members and are understood to also mean webs,
ribbons, tapes, belts, films, cards and the like. The substrate
or support can be opaque, transparent or translucent and
could, itself, be colored or not. The substrate and support can
be fibrous including, for example, paper and filamentous
synthetic materials. It can be a film including, for example,
cellophane and synthetic polymeric sheets cast, extruded, or
otherwise formed.

The components of the thermally responsive composition
are preferably in substantially contiguous relationship, and
substantially homogeneously distributed throughout a
coated layer or layers of composition deposited on the
substrate or support. These reactive components may be in
the same coated layer or layers, or isolated or positioned in
separate layers (e.g. adjacent layers). In other words, one
component such as the dye can be positioned in a first layer,
and another component such as the developer can be posi-
tioned in a subsequent layer or layers or vice-versa. The
thermally responsive composition can optionally be applied
to all of the substrate or spot printed on a certain portion. All
such arrangements are understood herein as placing the
thermally responsive component or components in substan-
tially contiguous relationship.

The thermally responsive record material can optionally
include a variety of precoats such as a base layer of clay, and
absorptive pigments such as kaolin clays, insulators such as
hollow sphere particles, pigments, particulate clays, starch,
or synthetic polymeric materials. Hollow sphere particles
are commercially available such as the ROPAQUE materials
of Rohm and Haas.

Optionally, the thermally responsive composition can be
formed as a top layer on the substrate, which top layer is then
overcoated with a protective layer top coat or barrier layer
formed from one or more water soluble or dispersible
polymeric materials such as polyvinyl alcohol, carboxylated
polyvinyl alcohol, methyl or ethyl cellulose, polyacrylam-
ide, gelatin, starch, polyvinyl pyrrolidone and the like.

Optionally, a protective layer using the same or different
materials can be applied as a back coat to the thermally
responsive record material. The above-mentioned precoats,
for example hollow sphere particles, pigments, clays and
synthetic polymeric particulate materials, can also be use-
fully applied as the back coat.

In manufacturing the thermally responsive record mate-
rial, a composition is prepared which typically includes a
fine dispersion of the components such as the dye and
developer, an appropriate polymeric binder material, a sur-
face active agent and one or more other optional additives in
an aqueous coating medium or other dispersion vehicle. The
thermally responsive composition can additionally contain
inert pigments, such as clay, talc, aluminum hydroxide,
calcined kaolin clay and calcium carbonate; synthetic pig-
ments, such as urea-formaldehyde resin pigments; natural
waxes such as Carnuba wax; synthetic waxes; lubricants
such as a zinc stearate; wetting agents; defoamers; and
antioxidants. Sensitizers can also be included. Sensitizers
can, for example, include acetoaceto-toluidine, phenyl-1-
hydroxy-2-naphthoate, 1,2-diphenoxyethane, or p-benzylbi-
phenyl or mixtures thereof. The sensitizer or modifier typi-
cally does not impart significant imaging on its own, but as
arelatively low melt point solid, acts as a solvent to facilitate
reaction between the dye and developer.



US 9,475,328 B2

23

The thermally responsive composition components are
substantially insoluble in the dispersion vehicle (preferably
water) and are ground to an individual average particle size
of between about 1 micrometer to about 10 micrometers,
preferably between about 1-3 micrometers. The optional
polymeric binder material preferably is substantially soluble
in the vehicle although latexes may also be used. Preferred
water soluble binders include polyvinyl alcohol, hydroxy
ethyl-cellulose, methylcellulose, methyl-hydroxypropylcel-
Iulose, starch, modified starches, gelatin and the like. Suit-
able latex materials include polyacrylates, sytrene-butadi-
ene-rubber latexes, polyvinylacetates, polystyrene, and the
like. The polymeric binder is typically used to protect the
coated materials from brushing, handling or other abrasive
forces occasioned by storage and use of thermally respon-
sive sheets and other record materials. Binder should be
present in an amount to afford such protection and in an
amount less than will interfere with achieving reactive
contact between color-forming reactive materials, dye and
developer.

Dry coating weights may, for example, be about 3 to about
9 grams per square meter (gsm) and preferably about 5 to
about 6 gsm. The amount of thermally responsive compo-
sition is controlled by economic considerations, functional
parameters and desired handling characteristics of the coated
sheets.

The disclosed developer which is part of the disclosed
thermally responsive composition or components thereof
may be applied to a substrate or support either prior to, or
after, the substrate or support is formed into an article (such
as, for example, a paper product or a portion thereof). Paper
products may include, for example, cash register or credit
card receipts, flyers, magazines, tickets, mailing envelopes,
newspapers, airplane boarding passes, luggage tags, bag-
gage destination tags, and bus, train and lottery tickets and
the like.

The disclosed composition may be applied using a variety
of methods including spraying, brushing, roller coating,
flood coating and dipping. The applied coating is then
typically allowed to air dry or the drying is accelerated using
drying devices, such as an oven, or any other method that
provides an elevated temperature suitable for drying the
coating.

The invention is further illustrated in the following non-
limiting examples, in which all parts and percentage are by
weight unless otherwise indicated.

EXAMPLES
Example 1
Liquid dispersions of a dye and a developer may be

prepared separately by dispersing the ingredients listed in
Table 3 using a sand mill.

TABLE 3

Weight (parts)

Developer Dispersion

Developer-

4 4'Butylidenebis(2-t-butyl-5-methylphenol) 20.0
10% aqueous polyvinyl alcohol solution 5.0
Water 75.0
Dye Dispersion

Crystal Violet Lactone 20.0
10% aqueous polyvinyl alcohol solution 5.0
Water 75.0
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Thermal paper may be prepared by depositing the ther-
mally responsive coating composition (e.g. a mixture of
equal weights of the dye dispersion and developer disper-
sion) onto a paper stock. Deposition of the coatings onto the
paper may be for example, be carried out using bar coating,
roll coating or reverse roll coating techniques. The coated
paper may then be dried to obtain a thermally responsive
record material.

Comparison Examples A& B and Examples 2-9

Using the method of Example 1, additional thermally
responsive record materials may be prepared by replacing
the developer in Example 1 with developers shown in Table
4.

TABLE 4

Examples Ingredients Parts
Comparison Bisphenol A 20.0
Example A

Comparison Bisphenol S 20.0
Example B

Example 2 4,4"-(propane-2,2-diyl)bis(2,6-dimethylphenol) 20.0
Example 3 4,4"-methylenebis(2,6-dimethylphenol) 20.0
Example 4 4,4"-(ethane-1,2-diyl)bis(2,6-dimethylphenol) 20.0
Example 5 4,4"-butylidenebis(2-t-butyl-5-methylphenol) 20.0
Example 6 4,4"-methylenebis(2,6-di-t-butylphenol) 20.0
Example 7 2,2"-methylenebis(4-methyl-6-t-butylphenol 20.0
Example 8 4,4"-(ethane-1,2-diyl)bis(2,6-dimethylphenol) 20.0
Example 9 bis-(3,5-dimethyl-4-hydroxyphenyl)-methane 20.0
Example 10 2,5-di-t-butylhydroquinone 20.0
Example 11 Tetrabromobisphenol A 20.0

The resulting thermally responsive record materials may
be evaluated for image quality, smoothness and other prop-
erties. The disclosed polyhydric phenols may serve as desir-
able substitutes for BPA developers in thermally responsive
record materials.

All patents, patent applications and literature cited in the
specification are hereby incorporated by reference in their
entirety. In the case of any inconsistencies, the present
disclosure, including any definitions therein will prevail.

What is claimed is:

1. A thermally responsive composition comprising a dye
and a developer dispersed in a liquid carrier, the developer
comprising:

(1) a polyhydric phenol having two aryl or heteroaryl
groups joined through a methylene group and in which
each aryl or heteroaryl group includes a hydroxyl group
attached to the ring and substituent groups attached to
the ring at each ortho position relative to the hydroxyl
group; and

wherein the composition is substantially free of diphenols

having estrogenic activity greater than or equal to that
of bisphenol S.

2. The thermally responsive composition of claim 1,
wherein each aryl or heteroaryl group includes two methyl
substituent groups attached to the ring at ortho positions
relative to the hydroxyl group.

3. The thermally responsive composition of claim 1,
wherein the polyhydric phenol has Formula (I):
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Formula (I)

wherein:
H denotes a hydrogen atom, if present;
each R! is independently an atom or substituent group
having an atomic weight of at least 15 Daltons and
R, substituent groups are attached to the phenylene
ring at each ortho position relative to the hydroxyl
group;
v is independently 1 to 4;
w is 4;
R?, is a divalent methylene group;
nis 1;
tis 1; and
the composition is substantially free of polyhydric phe-
nols having estrogenic agonist activity greater than or
equal to that of bisphenol S.

4. The thermally responsive composition of claim 3,
wherein each of the phenylene groups depicted in Formula
(1) includes at least one R* methyl group attached to the
phenylene ring at an ortho position relative to the hydroxyl
group.

5. The thermally responsive composition of claim 4,
wherein R! methyl groups are attached to the phenylene ring
at both ortho positions relative to the hydroxyl group.

6. The thermally responsive composition of claim 3,
wherein an R' group independently comprises an ethyl
group.

7. The thermally responsive composition of claim 3,
wherein each R* group is free of halogen atoms.

8. The thermally responsive composition of claim 3
wherein:

the hydroxyl group of each phenylene group depicted in

Formula (1) is located at a para position relative to R?.

9. The thermally responsive composition of claim 3
wherein:

the R! groups include 1 to 4 carbon atoms.

10. The thermally responsive composition of claim 3
wherein:

the R groups comprise linear butyl, isobutyl or tert-butyl

groups.

11. The thermally responsive composition of claim 3,
wherein the polyhydric phenol of Formula (I) is 4,4'-meth-
ylenebis(2,6-di-t-butylphenol), 4,4'-methylenebis(2,6-dim-
ethylphenol), or a derivative or combination thereof.
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12. The thermally responsive composition of claim 1,
wherein the dye is a black, blue or red dye.

13. A thermally responsive record material, comprising:

a substrate; and

a thermally responsive composition of claim 1 disposed

on at least a portion of the substrate.

14. The thermally responsive composition of claim 1,
wherein the developer is a polyhydric phenol or derivative
thereof that exhibits a log Relative Proliferative Effect value
in an MCF-7 cell proliferation assay less than that of
bisphenol S.

15. A method for making a thermal responsive record
material comprising:

(a) providing a substrate;

(b) applying a thermally responsive composition onto the

substrate;

wherein the thermally responsive composition comprises:

a dye and a developer dispersed in a liquid carrier, the

developer comprising a polyhydric phenol shown in
Formula (I):

_ Formula (I)
)y > (Hwer
R
( \ I e \/\
oL h
|
e X

®, ®", |

OH

wherein:
H denotes a hydrogen atom, if present;
each R' is independently an atom or group having an
atomic weight of at least 15 Daltons attached to the
phenylene ring at each ortho position relative to the
hydroxyl group;
v is independently 1 to 4;
w is 4
R? is a divalent methylene group;
nis 1;
tis 1; and
the thermally responsive record material is substantially
free of polyhydric phenols having estrogenic agonist
activity greater than or equal to that of bisphenol S.

16. The method of claim 15, wherein the substrate is
paper.

17. The method of claim 15, wherein the record material
comprises a cash register receipt, credit card receipt, flyer,
magazine, ticket, mailing envelope, newspaper, airplane
boarding pass, luggage tag, baggage destination tag, bus
ticket, train ticket or lottery ticket.
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